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Abstract 
This work presents the results of micro-pelletizing tests of ultra fines generated during the drying phosphate pulp (Khouribga grades), 
which have undergone processing operations of filtration and drying. This study examines the potential of these ultra fines granulation 
with the addition of a granulation binder, and in order to avoid their flying during handling and transportation. The ultra-fine micro-
granules are subjected to physical tests in view of assessing, on the one hand, the relevance of pelletizing, and on the other hand, the 
effectiveness of the granulation binder tested. Thus, the physical properties of granular products were determined by measuring their rate 
of friability and particle size. The results obtained show that granulation yields are between 84% and 86%. Friability rates registered for 
all the studied grades are relatively low. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
1. Introduction 
The Groupe Chérifien des Phosphates (OCP) plans to develop a transport system of the phosphate pulp via pipeline from 
the mine sites of Khouribga to downstream facilities at Jorf Lasfar. The pulp of phosphate for export undergoes filtration 
and drying operations. During the drying process, there is a generation of ultra fines likely to fly during transport which 
would generate significant losses. This study examines the potential of pelleting these ultra fines with the addition of a 
binder. A physicochemical characterization of final products and granules was performed to assess the feasibility of the 
process. The ultra fines micro-pelletized and the dried product will be mixed together to form the phosphate product 
intended to be exported (Down Stream (DS) 
Results and discussion  
2. Characterization of raw materials 
In the trials of micro-pelletizing of ultra fines generated during the DS phosphate drying process, 5 samples of different 
grades of phosphate were studied. Rates of ultra fines generated during drying for each phosphate tested are summarized in 
Table 1. The study of this table shows that the rate of ultra fines is between 19 and 24%.  
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Table 1: Rate of ultra fines generated during studied phosphates drying 
Ultrafines generated during drying operation are recovered by cycloning, for quantification, granulation and  
characterization. 
3. Laboratory trials  for micro-pelletizing  
Laboratory tests of micro-pelletizing of ultra fines generated during phosphate pulps drying were performed with the 
addition of bentonite at 5%, as a granulation binder.  
Table 1: Granulometric analyzes of phosphate A 
 Before  microgranulation After  microgranulation 
 Dried product generated ultrafine 
during drying 
Products dried mixture and 
ultrafine’s  microgranules 
Ultrafine microgranules 
Size in µm %  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
Sup à 1 0,80 99,99 - - 0,97 99,99 8,87 100,01 
[0.5-1[ 12,80 99,19 - - 15,38 99,02 40,67 91,14 
[0.25-0.5  17,11 86,39   21,03 83,64 29,37 50,47 
[0.2-0.25 [ 13,51 69,28 0,08 100,00 12,43 62,61 4,32 21,1 
[0.1-0.2 [ 40,39 55,77 7,89 99,92 35,34 50,18 6,97 16,78 
[0.04- 0.1 [ 15,06 15,38 56,94 92,03 14,56 14,84 6,77 9,81 
inf 0.04 0,32 0,32 35,09 35,09 0,28 0,28 3,04 3,04 
Yield Granulation  
between [0.1-1] mm-    - 81.32% 
Table 2: Granulometric analyzes of phosphate B 
 Before  microgranulation After  microgranulation 
 Dried product generated ultrafine 
during drying 
Products dried mixture and 
ultrafine’s  microgranules 
Ultrafine microgranules 
Size in µm %  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
0.04 100,00 - - 0,04 99,29 3,91 99,97 0.04 
10.10 99.96 - - 9,79 99,25 20,60 96,06 10.10 
13.16 89.86 - - 16,78 89,46 33,57 75,46 13.16 
10.24 76.70 - - 9,93 72,68 8,74 41,89 10.24 
59.50 66.46 2.25 100,00 46,79 62,75 20,70 33,15 59.50 
6.94 6.96 75.94 97.74 15,36 15,96 6,73 12,45 6.94 
0.02 0.02 21.81 21.81 0,60 0,60 5,72 5,72 0.02 
yield granulation 
between [0.1-1] mm-    - 83.64% 
Phosphate quality Dried product (Kg) ultra fines generated during the drying  
(Kg) 
Ultra fines rate (%) 
A 384,30 98,72 20,43 
B 535,00 153,22 22,26 
C 452,25 115,39 20,32 
D 296,80 92,70 23,80 
E 321.80 72,40 18,37 
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Table 3: Granulometric analyzes of phosphate C 
 Before  microgranulation After  microgranulation 
 Dried product generated ultrafine 
during drying 
Products dried mixture and 
ultrafine’s  microgranules 
Ultrafine microgranules 
Size in µm %  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
Sup at 1 3,70 99,98 - - 0,97 100,03 4,65 100,01 
[0.5-1[ 6,46 96,28 - - 18,44 99,06 21,64 95,36 
[0.25-0.5 8,79 89,82 0,07 100,01 22,96 80,62 46,06 73,72 
[0.2-0.25 [ 11,86 81,03 0,22 99,94 11,37 57,66 8,29 27,66 
[0.1-0.2 [ 54,12 69,17 5,09 99,72 35,79 46,29 8,19 19,37 
[0.04- 0.1 [ 14,53 15,05 44,1 94,63 10,31 10,5 6,12 11,18 
inf 0.04 0,52 0,52 50,53 50,53 0,19 0,19 5,06 5,06 
yield granulation 
between [0.1-1] mm 
- 
   - 84.17 
Table 4: Granulometric analyzes of phosphate D 
 Before  microgranulation After  microgranulation 
 Dried product generated ultrafine 
during drying 
Products dried mixture and 
ultrafine’s  microgranules 
Ultrafine microgranules 
Size in µm %  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
Sup at 1 0,51 99,82 - - 0,53 100,01 3,52 99,99 
[0.5-1[ 0,46 99,31 - - 4,60 99,48 23,11 96,47 
[0.25-0.5 3,23 98,85 - - 12,01 94,88 41,21 73,36 
[0.2-0.25 [ 11,70 95,62 0,02 100 10,96 82,87 9,04 32,15 
[0.1-0.2 [ 65,71 83,92 7,43 99,98 55,02 71,91 11,56 23,11 
[0.04- 0.1 [ 18,18 18,21 54,00 92,55 16,71 16,89 4,52 11,55 
inf 0.04 0,21 0,03 38,55 38,55 0,18 0,18 7,03 7,03 
yield granulation 
between [0.1-1] mm 
- 
   - 84,92 
Table 5: Granulometric analyzes of phosphate E 
 Before  microgranulation After  microgranulation 
 Dried product generated ultrafine 
during drying 
Products dried mixture and 
ultrafine’s  microgranules 
Ultrafine microgranules 
Size in µm %  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
%  Weight Cumulative  
passing 
Sup à 1 0.03 100,00   0,20 100,00 9.57 99.89 
[0.5-1[ 10.60 99.97   13,20 99,80 34.70 90.32 
[0.25-0.5 19.95 89.37   20,59 86,60 38.61 55.62 
[0.2-0.25 [ 13.46 69.42 0.06 100,00 12,93 66,01 5.76 17.01 
[0.1-0.2 [ 47.75 55.96 2.36 99.94 41,82 53,08 6.48 11.31 
[0.04- 0.1 [ 8.17 8.21 84.62 97.58 11,19 11,26 1.85 4.83 
inf 0.04 0.04 0.04 12.96 12.96 0,07 0,07 2.98 2.98 
yield granulation  
between [0.1-1] mm 
- 
   - 85,55 
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3.1. Impact on the particle size distribution 
The particle size distribution of all tests are summarized in Table 1. The results show that the yields of granulation of 
different grades studied are between 81% and 85% for a target size range between 0,1 and 1 mm. 
Table 1: Yields of granulation of ultra fines micro-pelletized of different grades studied 
% O.S: oversize. 
% C.P: cumulative passing 
Friability test: 
The friability was determined following a protocol simulating abrasion and shocks caused during handling. In this test, 
we determine the change of particle size distribution and quantity of produced ultra fines. 
In this test, the evolution of the particle size distribution and quantity of ultrafine produced is determined. For this, 34g of 
granulated phosphate particle size between [0.1-1]mm , are introduced into a steel cylinder with dimensions of 100 * 40 
mm, containing 10 glass balls. The assembly is rotated around a horizontal axis for 15 minutes (750 strokes), then after 30 
minutes (1500 counts). Content is retrieved after 15 minutes to determine the particle size between 0.1-1mm. It is then 
returned to the cylinder for another 15 minutes. The friability is calculated as follows: 
Friability (%) = 100 - % weight (<0,1 mm) recovered / % weight (0.1 – 1mm) loaded 
Table 2: Friability Test results of different grades of phosphate 
Ultra fines micro-pelletized 
% Friability 
750 hits 1500 hits 
A 0,68 4,14 
B 3,78 3,93 
C 1,36 3,78 
D 1,04 4,21 
E 1,01 4,08 
Sizes 
in mm 
A B C D E 
%  O.S. %  C.P. %  O.S. %  C.P. %  O.S. %  C.P. %  O.S. %  C.P. %  O.S. %  C.P. 
above 1 8,87 100,01 3,91 99,97 4,65 100,01 3,52 99,99 9.57 99.89 
[0.5-1[ 40,67 91,14 20,60 96,06 21,64 95,36 23,11 96,47 34.70 90.32 
[0.25-0.5[ 29,37 50,47 33,57 75,46 46,06 73,72 41,21 73,36 38.61 55.62 
[0.2-0.25 [ 4,32 21,10 8,74 41,89 8,29 27,66 9,04 32,15 5.76 17.01 
[0.1-0.2 [ 6,97 16,78 20,70 33,15 8,19 19,37 11,56 23,11 6.48 11.31 
[0.04- 0.1 [ 6,77 9,81 6,73 12,45 6,12 11,18 4,52 11,55 1.85 4.83 
below 0.04 3,04 3,04 5,72 5,72 5,06 5,06 7,03 7,03 2.98 2.98 
yield 
0.1-1 mm 81,32 83,64 84,17 84,92 85,55 
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It can be concluded from table 3, that the addition of bentonite for all grades studied allows to obtain ultra fine micro-
granules having a relatively low rate of friability of about 4%. 
4. Characterization of finished products made from dried mixtures of phosphates and micro-pelletized ultra fines  
To form Down Stream products, each batch of micro-pelletized ultra fines was mixed with the corresponding dried 
phosphate. DS final products were then subjected to a physicochemical characterization. 
4.1. Particle size analysis: 
Table 3: Summary of particle size profiles of DS products
% O.S: oversize 
% C.P: cumulative passing 
Figure 1: Profile size DS products  
It appears from this graph that the DS products have profiles such as 100% of particles pass at 1 mm and a percentage of 
below 40 microns less than 1%. 
Sizes 
in mm 
A B C D E 
% O.S. % C.P. %   O.S. %   C.P. %   O.S. %   C.P. %   O.S. %   C.P. %   O.S. %   C.P. 
Above  1 0,97 99,99 0,04 99,29 0,97 100,03 0,53 100,01 0,20 100,00 
[0.5-1[ 15,38 99,02 9,79 99,25 18,44 99,06 4,60 99,48 13,20 99,80 
[0.25-0.5[ 21,03 83,64 16,78 89,46 22,96 80,62 12,01 94,88 20,59 86,60 
[0.2-0.25 [ 12,43 62,61 9,93 72,68 11,37 57,66 10,96 82,87 12,93 66,01 
[0.1-0.2 [ 35,34 50,18 46,79 62,75 35,79 46,29 55,02 71,91 41,82 53,08 
[0.04- 0.1 [ 14,56 14,84 15,36 15,96 10,31 10,50 16,71 16,89 11,19 11,26 
below 0.04 0,28 0,28 0,60 0,60 0,19 0,19 0,18 0,18 0,07 0,07 
164   A. Hakam et al. /  Procedia Engineering  46 ( 2012 )  159 – 165 
4.2. Chemical characterization of final products 
The physicochemical characterization of these products is given in Table 4: 
Table 4: Comparison of chemical compositions of standard and DS products 
It appears from this table that the addition of bentonite, in the micro-pelletizing lead to the following results: 
P2O5 content decreased by between 0.29 to 0.84%, (around 0.29, 0.37, 0.58, 0.67 and 0.84, respectively for grades A, E, 
B, C and D). Also, the expanded uncertainty for P2O5 is about 0.38%. 
A slight increase in SiO2 content as between 0.22 and 0.78: (around 0.22, 0.30, 0.46, 0.59 and 0.78, respectively for 
grades D, E, B, A and D). Also, the expanded uncertainty for the element SiO2 is about 0.05% of SiO2.  
5. Impact on phosphoric acid produced by reaction of the DS rock with the sulphuric acid with and without adding 
bentonite : 
Table 5: Comparison of phosphoric acid production performance  
Phosphate A 
With  
bentonite 
Without bentonite 
Filtrability of phosphoric acid slurry 
(TP2O5/ m2.day) 7.4 7.6 
Yield of reaction-filtration (%) 94.34 94.46 
The examination of  table 5 shows that filterability of the phosphoric acid slurry decreases of around 2% when adding 
bentonite, while reaction-filtration yield remains almost constant. 
measured 
Elements in  % 
A B C D E 
Std DS Std DS Std DS Std DS Std DS 
P2O5 29,56 29,27 30,49 29,94 31,65 30,98 31,57 30,73 32,18 31,81 
CaO 51,17 48,79 51,45 48,51 51,59 48,51 51,87 49,35 50,75 49,07 
MgO 0,41 0,39 0,30 0,43 0,31 0,36 0,36 0,41 0,44 0,32 
SO3 1,30 1,20 1,32 1,28 1,36 1,29 1,33 1,33 1,29 1,32 
Fe2O3 0,22 0,29 0,26 0,27 0,28 0,26 0,16 0,19 0,22 0,23 
Al2O3 0,54 0,77 0,54 0,67 0,56 0,76 0,29 0,48 0,53 0,69 
K2O 0,07 0,08 0,07 0,07 0,07 0,08 0,04 0,05 0,07 0,07
Na2O 0,76 0,71 0,77 0,78 0,76 0,76 0,85 0,86 0,74 0,77
F 3,66 3,57 3,78 3,91 3,90 3,88 3,93 3,89 3,90 3,83
SiO2 (T) 3,59 4,18 3,86 4,32 3,54 3,88 1,53 2,51 4,14 4,44 
CO2 3,63 7,10 6,21 5,93 5,57 5,24 6,52 5,24 4,75 4,58 
Org. C  0,14 - 0,15 0,14 0,17 0,18 0,15 - 0,14 - 
As (ppm) 10 - 12 12 12 15 12 15 14 - 
Cd (ppm) 15 19 20 19 16 16 25 23 16 15 
Cl-T (ppm) 156 226 143 - 208 - 163 256 298 - 
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Conclusion  
At the end of this study, on the micro-pelletizing of ultra fines generated during drying, with the addition of bentonite as 
a binder for granulation, the mean results are: 
• The granulation yields are between 81 and 85% for all grades studied. 
• Friability rates recorded for all the studied grades are relatively low, of about 4.0%. 
The addition of bentonite in the micro-pelletizing of ultra fines generated during drying, produces: 
A decrease in the P2O5 content of between 0.29 and 0.84, the drop is about 0.29, 0.37, 0.58, 0.67 and 0.84, respectively 
for grades A, E, B C and D. 
A slight increase in SiO2 as between 0.22 and 0.78, the drop is about 0.22, 0.30, 0.46, 0.59 and 0.78, respectively for 
grades C, E, B, A and D. 
The filterability of the phosphoric acid slurry decreases of around 2% when adding bentonite, while reaction-filtration 
yield remains almost constant.
